The renin-angiotensin system regulates normal cardiovascular homeostasis and is activated in certain forms of hypertension and in heart failure. Angiotensin II has multiple physiological effects and we have shown recently that its growth-promoting effects on vascular smooth muscle require autocrine activation of the IGF I receptor. To study the effect of angiotensin II on circulating IGF I, we infused rats with 500 ng/kg/min angiotensin II for up to 14 d. Angiotensin II markedly reduced plasma IGF I levels (56 and 41% decrease at 1 and 2 wk, respectively) and IGF binding protein-3 levels, and increased IGF binding protein-2 levels, a pattern suggestive of dietary restriction. Compared with sham, angiotensin IIinfused hypertensive rats lost 18-26% of body weight by 1 wk, and pair-feeding experiments indicated that 74% of this loss was attributable to a reduction in food intake. The vasodilator hydralazine and the AT1 receptor antagonist losartan had comparable effects to reverse angiotensin II-induced hypertension, but only losartan blocked the changes in body weight and in circulating IGF I and its binding proteins produced by angiotensin II. Moreover, in Dahl rats that were hypertensive in response to a high-salt diet, none of these changes occurred. Thus, angiotensin II produces weight loss through a pressor-independent mechanism that includes a marked anorexigenic effect and an additional (likely metabolic) effect. These findings have profound […] 
Introduction
Angiotensin II (ang II), 1 the main effector molecule of the renin-angiotensin system (RAS), has multiple physiological effects. It maintains sodium and water balance through a variety of effects on the central nervous system, the adrenal gland, the vasculature, and the kidney. These effects include stimulation of aldosterone secretion (1) , enhancement of sodium and water reabsorption (2, 3) , and stimulation of thirst, sodium appetite, and vasopressin and ACTH release (for reviews see references [4] [5] [6] . ang II is also a vascular and cardiac growth factor (7) (8) (9) (10) (11) (12) . A pathophysiologic role for increased circulating and/ or tissue ang II has been suggested by experimental and clinical data. Thus, beneficial effects of RAS antagonism (using angiotensin-converting enzyme [ACE] inhibitors or ang II receptor antagonists) have been demonstrated in animal models of cardiac hypertrophy and of mechanical arterial injury (for reviews see references 13 and 14) . The major mortality benefit of ACE inhibitors in chronic heart failure has further substantiated the concept that chronic activation of the RAS (a hallmark of chronic heart failure) has detrimental consequences (15-21). Thus, in patients with high-renin hypertension, there is an increased risk of myocardial infarction (22-24), although the mechanisms for this remain unexplained.
Another vital hormonal and autocrine/paracrine system is the insulin-like growth factor I (IGF I) system. IGF I circulates at high levels in plasma and is a major regulator of developmental growth (for review see reference 25) and protein anabolism (26) . IGF I is also synthesized in most tissues where it has important effects on cell growth, differentiation, and survival (25) . We have shown recently that in cultured rat aortic smooth muscle cells the growth promoting effects of ang II require an active IGF I autocrine system (27) . Indeed, transcriptional activation of IGF I (27) and IGF I receptor (28) (29) (30) expression are key components of vascular growth responses to ang II. However, in rat interrenal abdominal aortic coarctation, a condition in which vascular IGF I expression is increased, there is a trend toward lower circulating IGF I levels (31) . This has suggested that activation of the RAS could lead to tissue-specific effects on IGF I expression, and specifically, a potential reduction in circulating IGF I. To study potential effects of ang II on circulating IGF I and its binding proteins (IGFBPs), we infused rats with ang II. Our results demonstrate a novel and previously unsuspected effect of ang II to cause marked weight loss, concordant with a marked depression in circulating IGF I. This effect is mediated by the AT 1 receptor, but is independent of pressor effects. ang II-induced weight loss is secondary to both a reduction in food intake and another, probably metabolic, effect. These results could be particularly relevant to understanding the pathophysiology of hyperreninemic states in humans, and specifically of conditions characterized by chronic activation of the RAS.
Methods
Animals. We performed studies using male Sprague-Dawley rats of 290-360 grams obtained from Harlan Laboratories (Prattville, AL). Animals were housed in individual cages under standard conditions. Three experiments were performed, each consisting of different animal groups (n Ն 4 per group per time point), all involving the implan-tation of osmotic minipumps (Alzet model 2001 or 2002; ALZA Corp., Palo Alto, CA). Rats were anesthetized with 80 mg/kg ketamine and 12 mg/kg xylazine, and the pumps were placed subcutaneously in the subscapular region. ang II was dissolved in saline acidified with 0.01 M acetic acid to maintain its stability and was infused at a rate of 500 ng/kg/min. Sham animals were infused with vehicle.
The first experiment aimed to assess the effects of ang II infusion on the IGF I system over time and consisted of four groups of rats: one group was infused for 1 wk and one group for 2 wk ( n ϭ 4 per group). The two other groups ( n ϭ 4 per group) were sham-infused correspondingly. In the second experiment, six groups of rats were studied ( n ϭ 4-6 per group): sham-or ang II-infused rats that received drinking water with or without hydralazine (10 mg/kg/d) or losartan (25 mg/kg/d). Losartan was kindly provided by Dr. R. Smith (DuPont Merck, Wilmington, DE). All antihypertensive treatments were started 2 d before implantation of the minipumps, and ang II was administered for 1 wk. For the third experiment (pair-feeding experiment) three groups of rats were used ( n ϭ 4 per group). The food intake of a group of ang II-infused animals was weighed daily to the nearest gram. A second group of animals was infused with vehicle only and was administered a restricted amount of food identical to that eaten by the ang II-infused rats. A third group of animals received vehicle-containing pumps and normal chow ad libitum.
Systolic blood pressures were measured in restrained awake rats before the start of the antihypertensive treatment, before implantation of the minipumps, and at 3, 7, and 14 d after surgery using the tail cuff method. The mean blood pressure was calculated from three or more tracings. The rats were weighed to the nearest gram. 1 or 2 wk after implantation of the pumps, animals were killed under anesthesia, their blood was taken, mixed with EDTA in prechilled glass tubes, and transferred to ice immediately. Plasma was obtained after centrifugation for 10 min at 4 Њ C at 2,000 rpm and stored at Ϫ 80 Њ C until analysis by radioimmunoassay, Western ligand blotting, or immunoblotting.
6-wk-old Dahl salt-sensitive and salt-resistant rats (inbred Rapp strain) were purchased from Harlan Sprague Dawley, Inc. (Indianapolis, IN) and were kept on a low-salt diet (0.3% NaCl) or a high-salt diet (8% NaCl) for 2 wk (Harlan Teklad, Madison, WI). Their systolic blood pressures were taken and plasma was prepared as described above for the Sprague-Dawley rats.
IGF I radioimmunoassay. Plasma samples were treated with acidethanol to separate IGFBPs from IGF I essentially as described (32) . The recovery of IGF I using this method was 70 Ϯ 2%. The extracted plasma samples were assayed for IGF I immunoreactivity as described previously (33) . A polyclonal anti-IGF I rabbit antiserum kindly provided by Dr. L. Underwood and Dr. J.J. Van Wyk through the National Hormone and Pituitary Program of the National Institute of Diabetes and Digestive and Kidney Diseases was used. A double antibody technique was used to precipitate bound counts using goat anti-rabbit antiserum and normal rabbit serum as a carrier. Standard curves were generated using human recombinant IGF I kindly provided by Dr. H.P. Guler (Ciba-Geigy Corp., Summit, NJ). In a preliminary experiment we established that plasma or serum gave identical results.
Western ligand blotting. Plasma samples from all rats were submitted to Western ligand blotting essentially as described previously (31) . In brief, plasma was acidified with 2 N acetic acid for 30 min at room temperature, neutralized by addition of 2 N NaOH, mixed with SDS sample buffer, boiled, and electrophoresed on a 12% SDS-polyacrylamide minigel and transferred to nitrocellulose. The blots were dried and sequentially blocked with 0.3% Nonidet P-40 (30 min Western immunoblotting. Plasma samples were boiled in SDS sample buffer, run on a 12% SDS-polyacrylamide minigel, and transferred to nitrocellulose. The blot was incubated overnight with 1% milk powder in PBS, for at least 30 min with 1% BSA, and for 1 h with a rabbit anti-IGFBP-2 or anti-IGFBP-3 antibody (kindly provided by Dr. S. Shimasaki, Whittier Institute for Diabetes and Endocrinology, Scripps Memorial Hospital, La Jolla, CA); or anti-IGFBP-1 antibody (kindly provided by Dr. R.C. Baxter, Kolling Institute of Medical Research, St. Leonards, New South Wales, Australia) in PBS containing 1% BSA and 0.1% Tween 20. After several washes the blots were incubated with an alkaline phosphatase-conjugated goat anti-rabbit secondary antibody, washed again, and colored with p -nitroblue tetrazolium chloride and 5-bromo-4-chloro-3-indolyl phosphate (NBT/BCIP, Bio Rad Laboratories).
Northern analysis. Total RNA was prepared from frozen liver using the RNeasy kit (QIAGEN Inc., Chatsworth, CA) according to the manufacturer's instructions and Northern analysis was performed as described previously (34) . Briefly, 20-g samples of total RNA were size-fractionated by agarose-formaldehyde gel electrophoresis and transferred to nylon membranes. RNA loading and transfer efficiencies were verified by methylene blue staining of membranes. Membranes were prehybridized for 2 h and then hybridized overnight in 5 ϫ SSC, 5 ϫ Denhardt's solution, 1% SDS, 100 mg/ml denatured salmon sperm DNA, and 5 ϫ 10 5 cpm/ml 32 P-labeled IGF I exon 3 cDNA at 65 Њ C. The IGF I cDNA was kindly provided by Dr. P. Rotwein (Washington University School of Medicine, St. Louis, MO). After hybridization the filters were washed with 2 ϫ SSC and 0.2% SDS 2 ϫ 30 min at room temperature and 2 ϫ 30 min at 65 Њ C, then with 0.1 ϫ SSC for 15 min before autoradiography. The molecular sizes of the detected RNA species were determined from the migration pattern of a 0.24-9.5-kb RNA ladder (GIBCO BRL, Gaithersburg, MD). As an additional control for loading and transfer of RNA samples, filters were cohybridized with a GAPDH cDNA probe (35) .
Hematocrit levels. These were measured in ang II-infused and pair-fed sham-infused rats, using a standard method (36) .
Statistical analysis. All data represent means of at least four rats in each group and values are expressed as mean Ϯ SEM. Time course analysis was performed using ANOVA, and comparisons between groups were performed using a protected Tukey's t test. Differences in IGF I levels between groups were analyzed using Student's t test.
Results
Effect of ang II infusion on blood pressure. To study the effect of ang II on the circulating IGF I system in vivo, we infused rats with 500 ng/kg/min ang II through osmotic minipumps up until 2 wk. Compared with sham, systolic blood pressures increased by 8% at 3 d ( P ϭ 0.14), 33% at 7 d ( P Ͻ 0.01), and 42% at 14 d ( P Ͻ 0.01). Sham-operated animals that received minipumps containing vehicle only did not significantly change their pressure during these 2 wk (Fig. 1) .
Effect of ang II infusion on IGF I and IGFBP levels. In the ang II-infused hypertensive rats, plasma IGF I levels were reduced by 56% at 1 wk of treatment ( P Ͻ 0.01) and by 41% at 2 wk ( P Ͻ 0.02), compared with sham (Fig. 2) . Northern analysis indicated that hepatic IGF I mRNA levels were markedly reduced in ang II-infused animals (not shown).
As the availability and activity of IGF I in tissue is highly regulated by interactions with IGFBPs, we determined levels of IGFBPs in plasma of the ang II-treated and sham rats at 7 and 14 d by Western ligand blotting and immunoblotting. For each plasma sample five labeled bands were observed on autoradiographs of Western ligand blots (Fig. 3 A ) . Three bands clustered around an apparent molecular mass of 38-45 kD, representing IGFBP-3. The band detected at ‫ف‬ 30-31 kD may represent either IGFBP-1 and/or IGFBP-2, and the fifth band at 24 kD corresponds to IGFBP-4. In ang II-treated rats IG-FBP-3 was strongly reduced, compared with sham animals (Fig. 3 A ) . Densitometric analysis indicated a 64 Ϯ 6% and a 62 Ϯ 12% reduction at 7 and 14 d, respectively. There was no consistent change in the 30-31-kD band and in the 24-kD band as detected by Western ligand analysis. As observed changes in IGFBPs may reflect changes in the actual amount of protein or a shift in affinity of the binding protein for the radiolabeled IGF I, we performed Western immunoblotting. Immunoblotting with an anti-IGFBP-3 antibody showed that IGFBP-3 was markedly downregulated at the protein level (Fig. 3 B ) . Analysis with an anti-IGFBP-2 antibody showed a strong upregulation of IGFBP-2 in all ang II-treated animals (Fig. 3 B ) . Probing with an anti-IGFBP-1 antibody demonstrated no detectable IGFBP-1 in sham animals and a weak signal in ang II-treated animals (not shown). Detection of IGFBP-4 by immunoblotting revealed that the amount of this protein was unchanged in response to ang II infusion in all rats (Fig. 3 B ) .
Effect of antihypertensive treatment on ang II-induced changes in blood pressure, IGF I, and IGFBPs. Pharmacological treatment of rats with either losartan or hydralazine was started 2 d before sham or ang II infusion. Both losartan and hydralazine caused a similar reduction in blood pressure in the sham-infused animals at 6 d ( P ϭ 0.01 and P ϭ 0.025, respectively, compared with control), although the decrease with hydralazine was more rapid (Fig. 4, Sham ) . In rats infused with ang II and receiving either losartan or hydralazine, blood pressures at 7 d reached levels that were not significantly different from normotensive sham-infused control animals ( P ϭ 0.6 and P ϭ 0.8, respectively, Fig. 4 , Ang II ).
Measurements of IGF I levels in these animals are shown in Fig. 5 . ang II reduced IGF I levels by 57% at 7 d, compared with sham, and this ang II-induced decrease in IGF I was completely blocked by administration of losartan. The small difference in IGF I levels observed between losartan-treated shamand ang II-infused animals was not statistically significant ( P ϭ 0.15). Losartan by itself, despite its blood pressure-lowering effects, did not significantly affect IGF I levels as compared with control sham animals. Despite its pressure-normalizing effects, hydralazine did not prevent the decrease in IGF I levels in ang II-infused rats. Thus, rats treated with ang II and receiving hydralazine had plasma IGF I levels that were significantly lower ( P Ͻ 0.01) than in sham-operated animals receiving hydralazine, and similar to the levels found in ang IItreated control animals ( P ϭ 0.25). Hydralazine alone produced a small decrease in IGF I levels, compared with shaminfused control animals ( P Ͻ 0.05). Similar to its effects on IGF I, losartan completely prevented the ang II-induced decrease in IGFBP-3 and increase in IGFBP-2, whereas hydralazine did not affect either of these changes (Fig. 6) .
Body weight and pair-feeding experiments.
The changes observed in circulating IGF I and IGFBPs in response to ang II infusion are very similar to changes described previously with dietary restriction. As shown in Fig. 7 A , ang II-infused animals gradually lost weight up to 1 wk (18% reduction compared with sham, P Ͻ 0.0001) and during the second week they kept this weight, which was significantly lower ( P Ͻ 0.005) than that measured for the sham-infused animals that continued to gain weight slowly. The body weights of animals used for the second experiment (i.e., receiving antihypertensives) are shown in Fig. 7 B . In this experiment, ang II induced a 26% loss in body weight at 1 wk, compared with sham controls, and losartan completely inhibited this loss in weight. Although administration of the vasodilator hydralazine to ang II-infused animals resulted in a normalization of blood pressure (Fig. 4) , these animals still showed a dramatic drop in body weight. Thus, hydralazine-treated ang II-infused animals had a similar body weight to ang II-infused control animals. Hydralazine alone caused a small, not statistically significant reduction in weight at 1 wk, compared with sham controls.
To determine whether ang II-induced reductions in body weight and IGF I levels were secondary to reduced food intake, we performed pair-feeding experiments. The mean daily food intake of sham-infused animals was 22 Ϯ 0.7 grams, whereas ang II-infused animals ate only 5 Ϯ 0.6 grams of rat chow daily. Another group of sham-infused animals was pairfed, i.e., their food intake was limited to the exact amount eaten by the ang II-infused animals. The growth curves for these three animal groups are shown in Fig. 8 A , and their plasma IGF I levels are shown in Fig. 8 B . ang II-infused animals had an expected 25% loss in body weight at 7 d, compared with sham ( P Ͻ 0.0001), while pair-fed sham-infused animals had a smaller, 18% loss in body weight at 7 d compared with sham ( P Ͻ 0.0001). Thus, the loss of body weight in pairfed animals was significantly less than in ang II-infused animals ( P Ͻ 0.01), representing only 74% of this loss. As expected, IGF I levels in ang II-infused animals were markedly reduced (72% reduction, P Ͻ 0.01). Pair-fed sham-infused animals had a reduction in IGF I levels that was not significantly different than that in ang II-infused animals. Hematocrit levels in ang II-infused animals (39 Ϯ 5%) were not different than in food-restricted animals (44 Ϯ 2%, P ϭ 0.34).
Dahl rats. To confirm our conclusion that changes in IGF I are not caused by pressor effects of ang II we used Dahl rats as a model of low-renin hypertension. Salt-sensitive Dahl rats fed a high-salt diet for 2 wk had a significant increase in pressure from 136Ϯ10 to 188Ϯ5 mmHg (P Ͻ 0.01). At 2 wk, their blood pressure was 33% higher (P Ͻ 0.01) than salt-sensitive rats fed a low-salt diet, which had a blood pressure of 142Ϯ5 mmHg.
As an additional control, we studied salt-resistant Dahl rats fed a high-salt or low-salt diet. Salt-resistant rats on a high-salt diet had a blood pressure at 2 wk of 149Ϯ1 mmHg, i.e., 18% higher than that of salt-resistant rats on a low-salt diet (126Ϯ6 mmHg, P Ͻ 0.05), but not different than that of salt-sensitive rats on a low-salt diet. At 2 wk, these four groups of rats had no significant change either in their plasma IGF I levels (saltsensitive low-salt, 921Ϯ46 g/liter; salt-sensitive high salt, 917Ϯ67 g/liter; salt-resistant low-salt, 841Ϯ51 g/liter; saltresistant high-salt, 928Ϯ15 g/liter) or in levels of IGFBPs (not shown). Furthermore, the weight gain in these four groups of animals was not different over the 2 wk (data not shown).
Discussion
The main finding of this study was that ang II infusion in the rat caused a significant loss in body weight, which was largely accounted for by a reduction in food intake and was pressor independent. The ang II-infused rats otherwise appeared normal and healthy. Based on pair-feeding experiments, ‫ف‬ 26% of the weight loss induced by ang II infusion at 1 wk was not due to reduced food intake. This effect is therefore likely a metabolic effect. It is unlikely that it represents volume contraction, since ang II has a marked stimulatory effect on thirst (37) , and because hematocrit levels measured in the ang IIinfused rats were not different than those in pair-fed controls. To determine whether these effects were present at lower doses, we performed an additional experiment using animals infused with 350 ng/kg/min ang II (n ϭ 5), sham-infused controls fed ad libitum (n ϭ 4), and pair-fed sham-infused animals (n ϭ 5). As expected, ang II-infused animals had a 21% loss in body weight at 7 d, compared with sham (P Ͻ 0.01), while pairfed shams had a smaller 17% loss in body weight at 7 d (P Ͻ 0.01 compared with sham, P Ͻ 0.05 compared with ang II).
The effect of ang II to produce weight loss was paralleled by marked changes in levels of circulating IGF I and its binding proteins. Specifically, there was at least a twofold reduction in IGF I levels at 7 d, concurrent with a marked reduction in IGFBP-3 levels. In addition, there was an increase in levels of one of the smaller IGFBPs, namely IGFBP-2. These changes are consistent with changes that have been described to occur with chronic nutritional deprivation (38) (39) (40) . A similar reduction in IGF I levels occurred in pair-fed animals, again suggesting that the primary effect of ang II infusion on IGF I was nutritionally mediated. Animals infused with 350 ng/kg/min ang II had a 37% reduction in IGF I levels at 7 d (P Ͻ 0.01 compared with sham), which was also not different than pair-fed sham-infused animals. It is of note that the effect to decrease circulating IGF I levels was confirmed by analysis of hepatic IGF I mRNA levels, which were markedly reduced. This is in contrast to cardiac IGF I mRNA levels, which are upregulated in this model (41) , consistent with our prior data showing that ang II stimulates IGF I transcription in extrahepatic tissues, such as vascular smooth muscle (27, 42) . Cardiac IGF I mRNA levels have also been found to be upregulated in other models of pressure and volume overload (43) (44) (45) .
Experiments with antihypertensive agents indicated that the effect of ang II to produce weight loss and to alter levels of IGF I and its binding proteins was not pressor related. Thus, ang II-induced weight loss was completely reversed by the concomitant administration of the AT 1 receptor antagonist, losartan. Hydralazine itself caused a small reduction in body weight at 7 d, compared with sham animals, and also caused a small reduction in basal IGF I levels. Because vasodilators are known to stimulate the RAS (46) , one can speculate that this effect of hydralazine alone on weight and on IGF I levels is related to increased ang II levels. More importantly, however, hydralazine completely failed to blunt the ability of ang II to produce weight loss or to depress circulating IGF I levels. In addition, hydralazine did not reverse ang II-induced changes in IGFBPs, as did losartan.
These findings strongly suggest that ang II has an anorexigenic effect on the central nervous system, mediated by the AT 1 receptor. It is not possible to conclude from this study whether this effect is direct or, for instance, mediated by stimulation of the sympathetic nervous system. However, Henegar et al. (47) , using a protocol similar to ours, have reported that ang II does not increase circulating catecholamine levels until day 4, whereas the weight loss reported in our study is already clearly evident by 1-2 d. Furthermore, infusion of norepinephrine in the Sprague-Dawley rat produces hypertension without weight loss (Bech-Laursen, J., and D. Harrison, personal communication). In addition to its anorexigenic effect, ang II has another (likely metabolic) effect resulting in weight loss. The exact nature of this metabolic effect is currently unknown and will be the subject of investigation in our laboratory. In view of the high density of AT 1 receptors on human and rat adipocytes (48, 49) , one can speculate that ang II may have a lipolytic effect. Our studies with the Dahl rats strongly support the hypothesis that the anorexigenic effect of ang II is not pressor related. Thus, salt loading of the salt-sensitive Dahl rat resulted in a significant increase in blood pressure but no alteration in the normal pattern of weight gain or in IGF I levels. In saltresistant Dahl rats, a high-salt diet did not significantly increase blood pressure and did not alter weight gain or circulating IGF I levels.
Our findings have important implications for understanding the pathophysiology of hyperreninemic states in humans. Indeed, a variety of observations have linked activation of the RAS with increased cardiovascular mortality (22-24). Thus, patients with high-renin hypertension have an increased risk of myocardial infarction. The reasons for this are not understood, but one may speculate that ang II-induced changes in caloric intake and/or in metabolic turnover could occur in these patients. However, our findings are perhaps more relevant to patients with chronic congestive heart failure, in whom ang II levels have been reported to be markedly elevated (50, 51) . Although we did not measure circulating ang II levels in our model, it is of note that infusion of 200 ng/kg/min of ang II in rats results in approximately threefold increases in circulating ang II levels (8) , similar to those reported in rats with severe heart failure (52), whereas 600-1,000 ng/kg/min results in seven-to eightfold increases in ang II levels (53) . In patients with congestive heart failure, seven-to eightfold increases in ang II levels have been reported (51, 54, 55) , which is in the range of the increase that would be expected with the dosages used in our studies. Patients with congestive heart failure commonly have significant anorexia, wasting, and cachexia, the cause of which is currently unknown, although the anorexia has been proposed to be secondary to hepatic and intestinal congestion (56, 57) . Our findings suggest that the anorexia of heart failure may be secondary to elevated ang II levels. One can speculate that ang II triggers weight loss through its anorexigenic and metabolic effects, leading to a reduction in IGF I. Because IGF I has potent anabolic effects in vivo, these changes could have important detrimental effects. Clearly this hypothesis merits clinical evaluation. In this regard, it is interesting to note that ACE inhibitors profoundly reduce cardiovascular mortality and morbidity in patients with heart failure, clearly more so than other vasodilators (58) . Therefore, it is possible that part of the beneficial effects of ACE inhibitors may be due to blunting of the AT 1 -mediated effects that we are currently reporting.
Our findings are also relevant to the multiple reports relating to physiological effects of ang II infusion in animals (53, (59) (60) (61) (62) (63) (64) (65) (66) (67) (68) . Although some authors have reported significant weight loss in ang II-infused animals (7, (69) (70) (71) (72) , there has been no systematic study of this phenomenon. More importantly, because IGF I has multiple physiological effects including stimulation of cellular growth and differentiation, vasoactive effects, metabolic effects, and others (for reviews see references 25, 73, 74) , it becomes apparent that pair-feeding of animals is essential to establish an appropriate control to study the effects of ang II.
In summary, our study demonstrates a marked effect of ang II to produce weight loss in the rat, related to a pressorindependent mechanism. The effect is inhibited by AT 1 receptor blockade, predominantly related to a reduction in food intake, and partly related to another, likely metabolic, effect. ang II, through its ability to produce weight loss, markedly alters levels of circulating IGF I and of its binding proteins. Our findings may have potentially great importance in understanding the pathophysiology of conditions in which the RAS is activated.
